Fecal material collected from an immunologically deficient man with persistent cryptosporidia infection was stored in potassium dichromate for two weeks and then fed (inoculated) to newborn pigs. The six inoculated newborn pigs shed the organism in their feces starting four to five days after inoculation and continuing for as long as 22 days after inoculation. Pigs which were killed and necropsied while shedding had cryptosporidia infection of ileum, cecum, and colon. Infected pigs had atrophied ileal villi and flattened irregular cecal and colonic epithelium. Uninoculated littermate controls remained free of the infection and had histologically normal intestinal tracts at necropsy. Treatment of three of the six inoculated pigs with the ornithine decarboxylase inhibitor, DL-a-difluoromethylornithine, orally for ten days had no apparent effect on the infection.
variety of protozoa, including Eimeria tenella [8] , which belongs to the same order as cryptosporidia.
The objectives of this study were to determine if cryptosporidia could be experimentally transmitted from the persistently infected man to pigs via feces and to test difluoromethylornithine as a treatment against this infection in pigs. We found that the cryptosporidia were transmitted to pigs, but that the infection did not respond to treatment.
Materials and Methods
Patient: A man with immunodeficiency due to dysgammaglobulinemia type I developed persistent diarrhea with malabsorption. Jejunal biopsy revealed villous atrophy and cryptosporidiosis. The identification of the organism was confirmed by electron microscopy. Several weeks after the intestinal biopsies, cryptosporidia were found in his feces by microscopic examination of Giemsa-stained smears. The patient has continued to shed cryptosporidia for more than one year. To date, attempts to detect known enteropathogens which would account for the persistent diarrhea have not been successful (Schwartz et al., unpublished data).
Cryptosporidia inoculum: Feces from the patient were suspended in 2.5% potassium dichromate (one volume of feces plus two volumes of potassium dichromate) and stored at room temperature (24 f 2°C) as previously reported [lo] for two weeks. The suspension was dialyzed against Ringer's solution before it was given to pigs [lo] . Pigs were inoculated with cryptosporidia by feeding each of them 10 ml of dialyzed suspension mixed in 60 ml of milk.
Pigs: Eight hysterectomy-derived, colostrum-deprived pigs from the same litter were placed in individual cages. They were fed a milk formula compounded for pigs. Six of them (principals) were inoculated with cryptosporidia when they were one day old, and the other two served as uninoculated controls.
Treatment: Two of the principals were treated with 1.25 gm DL-a-difluoromethylornithine. per kg birth weight/day (high dose) and one principal was treated with 0.38 gm DL-adifluoromethylornithine per kg birth weight/day (low dose). The difluoromethylornithine was mixed with milk and fed after the pigs had started to shed cryptosporidia in their feces. This treatment was continued for ten days. All eight pigs were fed milk every four hours during the ten-day treatment period, in order to maintain continuous drug levels in the treated pigs.
Observations: Feces were collected from each pig daily and examined for cryptosporidia by microscopic examination of Giemsa-stained smears [ 151. Pigs were killed and necropsied on day 7, 15, or 27 after inoculation of the principals. Tissues were collected from proximal jejunum, distal jejunum, distal ileum, cecum, and spiral colon and were fiied in formalin, embedded in paraffin, sectioned, stained with hematoxylin and eosin and examined microscopically. Additional tissue from the ileum of one pig was fiied in glutaraldehyde and examined electron microscopically.
To determine if the anticipated difluoromethylornithine inhibition of mucosal ornithine decarboxylase had been achieved, we analyzed mucosal scrapings for polyamines [7] . The scrapings were collected from the intestines of pigs necropsied at the end of the treatment period (day 15, four hours after the last milk or milk plus difluoromethylornithine feeding).
Results
Transmission: None of the pigs had cryptosporidia in their feces before inoculation. inoculated with cryptosporidia from a man and by two uninoculated control pigs. Principals were fed human feces containing cryptosporidia on day 0. Three principals were fed difluoromethylornithine at 1.25 gm/kg/day (high dose) or 0.38 gm/kg/day (low dose) given in milk every six hours for ten days after they started to shed cryptosporidia in their feces. Each bar represents one pig. Pigs were killed 7, 15, or 27 days after inoculation of principals. fig. 3) . None of the six principals had diarrhea before they began to shed cryptosporidia, but all six of them had diarrhea for several days during the time they were shedding cryptosporidia. In an untreated principal necropsied on day 7 , ileal, cecal, and colonic mucosae were infected diffusely with cryptosporidia ( fig. 4 , 5) . The organisms were associated with villous epithelium in ileum. Ileal villi were atrophic and covered with squamous to cuboidal, basophilic epithelial cells (fig. 2b) .
The organisms were associated with both surface and crypt epithelium in cecum and colon. Cecal and colonic epithelium was irregular, squamous to cuboidal in the areas intimately associated with cryptosporidia.
Treatment: The remaining two untreated principals and all three treated principals continued to shed cryptosporidia in their feces throughout the ten-day treatment period ( fig. 1 ). One principal from each group was necropsied at the end of the treatment period (day 15). Both had numerous cryptosporidia, and the associated epithelial changes described above, in their ceca and colons. The treated (high dose) pig also had villous atrophy and cryptosporidia in its ileum. The treatment had the anticipated effect on mucosal ornithine decarboxylase because spermidine and putrescine levels were lower and spermine levels slightly higher in the treated pig than in the untreated pig (table I). The infection was allowed to run its course in the remaining three principals in order to determine the duration of infection. The treated (fig. 1 ). All three of these pigs had histologically normal intestinal tracts without cryptosporidia when necropsied on day 27 (two to six days after they had stopped shedding cryptosporidia).
Discussion
The results reported here confirm and extend previous reports that cryptosporidia can be transmitted between host species (including transmission from man to lower animals) and that cryptosporidia can be demonstrated in the feces of infected animals and humans [lo, 17, 181 . It seems likely that cryptosporidia also can be naturally transmitted between lower animals and man via the fecal-oral route. Diagnosis of the infection has traditionally required histologic examination of mucosal biopsies or sections of intestine fixed before autolysis, and infection in man is considered to be rare. It is possible that the infection in man is more prevalent than currently recognized. Simple techniques for identifying the organism in feces are available now [I, 151.
The difluoromethylornithine had no demonstrable therapeutic effect on crypto- 
sporidia infection. The altered polyamine levels in the intestinal mucosa of the treated pig are evidence that the treatment was adequate to maintain inhibition of ornithine decarboxylase activity in host tissue [7] throughout the treatment period.
Presumably, cryptosporidia are resistant to treatment with difluoromethylornithine. The pigs infected with human cryptosporidia developed diffuse villous atrophy in ileum and irregular flattened surface and crypt epithelium in cecum and colon. No pigs were tested for infectious agents other than cryptosporidia. It is possible that the lesions in infected pigs were caused by some extraneous agent(s) which survives treatment with potassium dichromate and is transmissible from man to pigs. We suspect, however, that the lesions were caused by cryptosporidia. Similar lesions have been reported in the large and small intestines of people with cryptosporidiosis [6, 9, 141 . The patient who provided the cryptosporidia used in this study had atrophic intestinal villi. The lesions produced here experimentally were similar to those associated with calf cryptosporidia in pigs [lo] . Calves with naturally acquired or experimental cryptosporidiosis usually have villous atrophy associated with localized infection in ileum and distal jejunum [lo, 12, 151 . Segmental infection in the small intestine, with atrophy of associated villi, is characteristic of cryptosporidiosis in several other host species [ 16, 171 . The lesions characteristically associated with cryptosporidiosis provide circumstantial evidence that cryptosporidia are enteropathogens which destroy intestinal epithelial cells. Furthermore, these lesions occurred in cryptosporidia infected animals which were thought to be free of enteropathogenic viruses or bacteria and of other protozoa [lo, 171. Defrnitive evidence as to the enteropathogenicity of cryptosporidia probably will require that the organism first be isolated in pure culture and grown in vitro.
